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We. United States Rubber Company, of 
Rockefeller Centre. 1230 Avenue of the 
Americas, New York. State of New York. 
United States of America, a corporation 
organized and existing under the laws of the 
State of New Jersey, United States of 
America, do hereby declare the inveatian. 
for which we pray that a patent may be 
granted to us. and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

This invention relates to a method of mak- 
ing plastic sheet material having deep em- 
bossmg and more particularly it relates to a 
metliod of making a carpet or the Bke» from 
vinyl resin or smiilar thennoplastic resin, 
having a deeply textured surface such as a 
surface reminiscent of pile carpetmg. 

Flexible plastic materials have many 
characteristics which make them desirable for 
use as floor coverings. However, if it is at- 
tempted to make, from such plastic material 
in sheet foim, a carpet or mat having a pleas- 
ing or decorative surface appearance in the 
form of relatively deep pile effects or the 
like,^ it is found that the plastic is not sus- 
ceptible of receiving such effects by a con- 
ventional roll embossing operation. There- 
fore, resort must be had to techniques that 
are relatively more expensive and cumber- 
some than a roll embossing operation. 

Accordingly, it is an object of the inven- 
tion to provide plastic sheet materials hav- 
ing deep texture effects, such as pile effects, 
by a relatively inexpensive and convenient 
novel method involvmg embossing. 

In one important aspect, the invention has 
for its object the maldng of plastic sheet 
material of the kind described without neces- 
sity for using the conventional heavy pro- 
cessing equipment, such as Banbury mixers. 
[Price 4s. 6d.] 



roll mills* and calenders, usually associated 
with the manufacture of plastic sheets. 

Still another object is the manufacture of 
plasUc carpeting or similar sheet goods from 
d^^ blend thennoplastic material, together 
with hquid plasticizer. 

Yet a further object of the invention is to 
make plasdc carpeting by a method which 
lends Itself to deep engravings. 

It is an additional object to provide a 
method of making plastic carpeting or mats 
having multi-color effects, such as salt and 
pepper effects, not only on the surface but 
throughout the thickness of the carpeting or 
mats. 

Still another object is to provide a method 
of the kmd described which lends itself to 
employment of scrap fused thennoplastic 
matenal. 

The invention will be described with 
wherc?^^ to the accompanying drawing, 

Fig 1 is purely diagrammatic longitudinal 
sectional elevation of conveying and em- 
bossmg means useful in practicing one em- 
bodiment of the invention; 

Fig. 2 is a transverse sectional view, on an 
enlarged scale, taken along line 2—2 of Fig 
1, showing powdered resin deposited on the 
conveying means; 

Fig. 3 is a similar view, taken along line 

3— 3 of Fig. 1 showing the appearance after 
smtenng the powder to form a sheet; 

Fig. 4 is a similar view, taken along line 

4- 4 of Fig. 1 of the final, embossed pro- 
duct, ^ 

The invention is based on the surprising 
and unexpected discoveiy that plastic sheets 
having relatively deep, relatively closely 
spaced, embossed effects are readily pro- 
duced by first depoating a dry blend of 
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particles' of tbennoplastic resin, and liquid 
plasticizer on a non-adherent plane surface, 
spreading the dry blend into a thin layer by 
heating to a temperature at which the 

6 particles become soft enough to adhere to- 
gether but are not fused into a homogeneous 
mass, to form a sheet, and then embossing 
the thus-formed sheet. For some reason, 
the sheet of sintered plastic particles readily 

10 takes a deep, closely spaced embossed pat- 
tern, whereas an ordinary conventional pre- 
fused sheet of plastic, (made for example by 
calendering or casting), under the same em- 
bossing conditions, refuses to flow into, or 

16 • conform to. the deeply relieved grooves or 
pits or the like of the embossing surface, 
mile it is not desired to limit the invention 
to any particular theory of operation, it is 
believed that the reason why an ordinary 

20 homogeneous, prefused plastic sheet will not 
take such deep embossmg is that, even at 
elevated temperatures at v/hich the material 
is relatively soft, profound stresses are im- 
posed on the sheet during the embossing. 

26 These stresses presumably tend to restrict 
deformation of the surface of the sheet, 
thereby preventing the material from receiv- 
ing the full depth of embossing. On the 
other hand, the sintered particles seem to be 

30 easily compressed into the relatively fine, 
deep depressions of the embossing surface 
during the embossing ste^; as a consequence 
the desired deej) texture is readily imparted 
to the surface with surprising ease. This may 

36 be at least in part a result of the fact that 
there may remain, in the heated, sintered 
sheet sli^t lines of weakness between ad- 
jacait sintered particles that enable the 
particles to be displaced more readily with 

40 respect to each other during the embossing, 
ThK fadaily for displacement or relative 
movement of the antered particles may 
account for the ease with wliich the sintered 
sheei will take deep embossing, in compaii^ 

45 son to a conventional homogeneosly fused 
calendered or cast sheet. The particles em- 
ployed in the present method are smaller 
than the openings or passages in the surface 
of the embosang roll, so that such particles 

60 readily pass into the openings or passages. 
In one aspect, the invention is directed to 
the manufacture of imitation pile carpeting 
or mats from thermoplastic vinyl resm, in 
which category we include not only such 

65 vinyl resins as vinyl chloride hombpolymer 
itself but also equivalent copolymers of vinyl 
chloride with other copolymerizable mono- 
mers. e.g., up to 25% or more of vinyl acet- 
ate, dialkyl maleates or similar mono- 

60 etbylenically unsaturated materials. In 
accordance with an essential feature of the 
' invention, such thermoplastic resin,^ or a 
plurality of such resins, is employed in par- 
ticulate or powdered form. The particles 

65 used almost invariably pass through a sieve 




having about 0.125 inch openings, but the 
particles must not be too fine, that is, the 
mean particle size is preferably not less than 
about 0.0006 inch (about 15 microns). How- 
ever, in certain cases it is possible to employ 70 
a limited quantity of resin, for example up 
to 20% based on the &aXiic weight of resin, 
in the form of finer powder, say particles 
of about 2 microns mean particle size. Pre- 
ferred polymeric plasticizer is polyethylene 76 
glycol sebacate and preferred non-polymeric 
plasticizer is octyl benzoate or dioctyl 
phthalate. 

For purposes of the invention the resm 
particles are mixed or compounded with 80 
other desired compounding ingredients 
(usually stabilizers, plasticizers, pigments, 
blowing agent if desired, and fungicides) by 
what is known as dry blending, that is, the 
resin powder is simply tumbled together 86 
with the other ingredients without heat, pro- 
ducing a more or less free flowing powdered 
blend in which the ingredients are aU 
uniformly distributed together. In the dry 
blend some of the added ingredients exist as 90 
small particles interspersed with the resin 
particles and some of the added ingredients 
exist as a kind of coating on the resin 
particles. Liquid plasticizer added in the 
dry blending exists essentially as a kind of 95 
coating absorbed on the surfaces of the resin 
particles; however there is not such a large 
amount of plasticizer present and the resin 
particles are not on the average so small or 
fine as to form a fluid or pasty mix re- 100 
sembling a plastisol. Instead, the mix re- 
mains a superficially dry, powdered material, 
more or less freely flowing, at least to the 
extent that damp sand, for example, is more 
or less free flowing, but certainly not mud- 105 
like or paste-like. " In the present dry mix 
the individual particles are readily discern- 
able and separable, whereas a plastisol is a 
paste or fluid not separable into individual 
particles, Plastisols are prepared from finely 110 
powdered resins (11 to 2 microns) and do not 
employ the relatively large particles essential 
in the present invention. In the present dry 
mix the amount of liquid plasticizer present 
is preferably not more than about 65 parts 116 
per 100 parts by weight of resin, and is 
usually less. Plastisols can have much larger 
amounts of plasticizer. 

In practicing the invention the dry blended 
powdered rean with plasticizer is spread out 120 
as indicated on. a suitable plane surface to 
wMch the redn is non-adherent, to a thick- 
ness many times deeper tiian the individual 
particles, which thickness is slightly greater 
than the thickness of the finally desired 125 
sheet. Such a layer of powder may be ap- 
plied with the aid of a vibrating screen or 
similar device capable of depoating the more 
or less damp resin particles of the dry blend; 
the depoated layer may be distributed more 130 
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evenly and smoothed out with the aid of 
rakes or fingers, spreader bars, or similar 
hand manipulated or mechanically operated 
devices. If desired the layer may be com- 
pacted somewhat by application of sh'ght 
pressure, for example by lightly pressing a 
non-adherent compacting roU or belt against 
the surface of the layer. The spread-out 
layer of powder is then heated to an elevated 
temperature, in excess of the softening tern- 
perature of the resin, whereupon the particles 
of resin sinter together at their contactmg 
surfaces or melt together slightly where they 
touch so that they form a coherent sheet. No 
applied pressure or confinement is used or 
required to effect tiiis sintering, that is, the 
layer of particles is simply freely exposed to 
the ambient atmosphere of the oven or other 
h^tmg device m which the sintering is 
effected. During the sintering the plastidzer 
forms a solution with the resin at the sur- 
faces of the resin particles; the other in- 
gredients present (e.g., stabilizer, pigmKits) 
dissolve m or are embedded or suspended in 
such solution. However, the sintered 
Dowdered resin sheet is not heated to such a 
high temperature or for such a prolonged 
period of time that it becomes essentially 
a completely homogeneously fused sheet 
equivalent to a calendered, fused sheet or 
equivalent to a sheet cast from a solution or 
plastisol and subsequently fused. Instead, 
the present sintered powdered sheet is not 
completely homogoneous. However, if cooled 
at room temperature at this stage, and re- 
moved from the non-adherent supporting 
base on which it was made, the smtered 
sheet would be a coherent, self-sustaining 
flexible sheet having a certain amount of 
tensile strength (although not nearly as hi^^h 
a tensile strength as a completely homo- 
geneously fused sheet such as would result 
from a typical calendering or plastisol fus- 
ing operation). At this stage, tlie sintered 
sheet of particles typically has a surface that 
IS sbghtly uneven in appearance and slightly 
rough to the touch. Here and there small 
• voids can be seen on the surface, and if the 
sheet IS cut open, small voids can be seen 
here and there in the interior also. These 
voids represent spaces between the particles 
that were not completely filled up by flow of 
resin during the sintering. 

While the sheet of sintered particles is in 
the foregoing heated condition it is subjected 
to the action of an embossing roll or the like, 
having on its surface a relief design or con- 
figura^on that is typically relatively deep 
Ce.g. 0.06 inch to 0.1 inch deep), depending 
on the thickness of the sheet material being 
produced) and typically relatively "fine" that 
IS the width of the openings on the surface 
of the embossing roll may typically be only 
to i mch. Such embossing would be 
difficult or impossible to impress properly on 
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a conventional homogeneous, prefused vinyl 
sheet. When the heat-softened sheet of 
sintered vinyl particles is brought against the 
surface of the embossing rofl under pres- 
sure, tiie smtered particles flow readily 
through the fine openings on the surface of 
the embossing roll and easily fifl in the fine 
passages to their entire deptL The embossmg 
surface IS preferably cooled to a tempera- 
ture below the softemng temperature of the 
resm, for example by passing cooling water 
throijgh the interior of the embossing roll, 
m Older to aid m fixing the thus-imparted 
pattern m the surface of the plastic. Upon 
coohng, the thus-embossed sheet retams the 
texture imparted by the embossing roll. 

In a preferred aspect the invention con- 
templates the inclusion before the resin is 
formed mto a layer, in the vinyl resin dry 
mix formulation from which the particles are 
made, of a suitable blowing agent, such as 
azodicarbonamide, or other substance cap- 
able of generating gases within the plastic 
when subjected to elevated temperature. The 
blowing agent is incorporated into the 
formulation for the particles simply by dry 
Wending, without any necessity for milling or 
the hke. During the sintering operation, a 
sufficiently elevated temperature is developed 
to decompose the blowing agent (e.g., a tem- 
perature of at least about 280T. in the case 
of azo dicarbonamide in a typical vinyl 
formulation) with the result that the 
particles develop small internal pores or 
voids, thus unparting a certain amount of 100 
foam-Uke or sponge structure to the 
particles. It will be understood that during 
the smtering operation there is at first a 
certain amount of flow of resin/plasticizer 
solution which embeds or entraps the 105 
particles of blowing agent (and in fact the 
blowing agent may dissolve in such solution). 
The particles of blowmg agent thus in effect 
become surrounded by or embedded in 
plasticized resin before the particles have HO 
had an opportunity to decompose. Con- 
tinued application of heat causes the blowing 
agent to decompose and liberate gas which 
causes the blowing of the composition. This 
has the desirable effect of increasing the 116 
softness or springiness underfoot of a carpet 
or the lilce made in this manner. The blow- 
ing unproves the "hand" of the material, de- 
creases its density, and tends to produce a 
more desirable "craggy" structure 6.e.. a 120 
kind of enhancement of the embossine 
^ect). ^ 

Perhaps one of the most interesting ap- 
plications of the invention resides in the pro- 
duction of salt-and-pepper or other multi- 125 
color effects. Thus, salt and pepper or splat- 
ter effects may be ob+ained by preparing a 
dry blend resin powder formulation, divid- 
mg It mto two parts, adding one pigment to 
one part and a. differently, colored. .pigment 130 
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to the other part. The resulting two dif- 
ferently colored powders may then be 
scattered at random or in a controlled 
manner on the conveyor belt producing in- 

6 teresting multicolored effects in the final pro- 
duct. Some or all of the particles may be 
substantially transparent or variously 
colored. Colored powders made by pulveriz- 
ing or grinding previously fused pigmented 

10 plastidzed vinyl resin compositions may be 
sprinkled on a deposited layer of the dry 
blend, before the heat sintering step. Even 
ground colored scrap plastic (which is in 
reality a prefused thermoplastic resin cona- 

16 position) may be employed, either in addi- 
tion to the described dry blend, or as a sub- 
stitute for some or all of the dry blend. If 
necessary additional plasticizer may be 
blended with such scrap, converting it in 

20 effect into a dry blend of the kind described. 
Various coatings or surface films may be 
incorporated in the product of the invention. 
For example, the surface of the carpeting 
may be sprayed or otherwse coated with a 

25 lacquer or the like based on acrylic resin or 
other suitable film-forming material. The 
carpeting may be overlaid with a thin film 
{e.g. 0.01 inch thick) of vinyl rean, which 
film may for example be placed on the sur- 

30 face prior to the embossing. Such coatings or 
surfaces serve particularly as rdease suiiaces 
and enhance the deanability of the carpeting. 

The following example, in which all parts 
are expressed by weight unless otherwise 

35 indicated, will serve to illustrate the pracfice 
of the invention in more detail. 

Example I 
The following formulation is dry blended : 



Stearic acid 03i 

Filler (e.g., silica, calcium carbon- 
ate) 3L4 

Blowing agent (e.g.. nitrogen type, 

such as azodicarboiiamide) ... 1.0 



40 



Ingredients 



Parts 
by 
Weight 



Powdered polyvinyl chloride resin 
(average particle size 15 mi- 
crons) ... 90 

45 Powdered vinyl chloride: dibutyl 
maleate (90 : 1 0) copolymer 
resin (average particle size 2 

microns) 10 

Polymeric plasticizer [e.g., poly- 

60 ester type, such as polyethylene 
glycol sebacate. Industrial and 
Engineering Oiemistry, VoL 
37, page 504, 1945 or epoxid- 
ized soybean oil] ... ... ... 8 

55 Non-polymeric type plastidzers: 

e.g. octyl benzoate 18 

phthalate ester type e.g. dioctyl 

phthalate 32 

Stabilizers (e.g. barium stearate, 

60 cadmium stearate, anc octo- 

ate) ••• ••• ... ••. 5*5 
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The resulting mixture is essentially a free- 
flov^ing powder. 

A suitable non-adherent continuously ad- 
vancing belt 10 (Rg. 1), made for example 70 
from glass fabric (or polyester fabric) coated 
with polytetrafluoroethylene, passes under a 
shaking device 11 which deposits a quantity 
of the above described powdered vinyl resin 
dry blend 12, in an unheated condition, on 75 
tile upper surface of tiie belt 10. A spreader 
bar 13 or the like extending transversely of 
the path of travel of the belt and placed 
slightly above the upper surface of the belt 
by an appropriate distance serves to level the 80 
layer of particles 12 at a desired depth, in 
this case, for example about 0.1 inch. The 
quantity of dry powder thus deposited may 
be, for example, approximately 3.6 to 3.8 
pounds per sauare yard of belt surface 85 
covered. The belt 10 with the powdered rean 
layer 12 thereon then passes beneath a suit- 
able heating device 14 which serves to raise 
the temperature to about 400*F., which is 
sufficient to soften the particles, whereby the 90 
particles ^ter together and become welded 
or bonded to each other at their contacting 
surfaces, forming a rather grainy but 
coherent sheet as previously described. How- 
ever, the heating of tills stage is not so severe 95 
or so prolonged as to actually fuse the 
particles to the extent that they melt com- 
pletely, that is, the particles do not fonn a 
continuous, uniformly fused sheet that is as 
homogeneous as an ordmary calendered or 100 
cast sheet which is completely and 
thoroughly fused in the course of its manu- 
facture. 

After the sintering operation has pro- 
ceeded for a time the blowing agent reaches 105 
its decomposition temperature and bepins to 
liberate gas, thereby causing the smteied 
sheet to blow or expand, that is, to form in- 
ternal voids in the form largely of intercom- 
municating cells. While still in this heated HO 
condition, the assembly passes under and 
into pressurized contact with an embossing 
roll 15 having the desired relief configuration 
engraved or otherwise formed in its surface. 
The embossing roll is cooled internally with 115 
running water, so that it has a surface tem- 
perature of approxunately 150°F,, wluch is 
below die softening range of the vinyl resin 
composition. After passing from under the 
embossing roll 15, the thus-embossed sheet is i^O 
subjected to the action of a cooling device 
16. such as a device for blowing air against 
the surface of the sheet, and after the sheet 
has thus been sufficientiy cooled it may be 
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separated from the non-aSEerent carrier belt 
10 and wound up into a roll 17. 

The condition of the powder 12 after ap- 
phcation to the belt 10 and before the heat- 
ing is represented in Fig. 2; the condition of 
the sheet after the smtering or heating and 
before the embossing is represented in Fig. 
3, while the condition subsequent to emboss- 
ing and after removal from the belt is illus- 
trated in Fig. 4, which shows the embossed 
detail 18. 

From the foregoing it will be apparent that 
the invention has many advantageous 
features. By proceeding as described, it is 
possible to emboss vinyl or similar thermo- 
plastic material, in sheet form or other con- 
venient form, with exceptionally deep and 
finely detailed embossing, such as could not 
ordinarily be imparted particularly in a con- 
tinuous embossing operation. The adapt- 
ability of the process to continuous opera- 
tion is particularly advantageous from the 
standpoint of efficiency and reproducibility 
of results. The invention makes it possible 
to produce numerous functional and decora- 
tive effects, by suitable variations in the 
nature of the embossing. Not only can pile 
fabric be imitated, but other effects, includ- 
ing sculptured effects, can be produced by 
suitable local variations in the character of 
the embossing. If desired, certain areas may 
be left unembossed to present a desired ap- 
pearance. Interesting multicolored effects 
may be obtained in the manner described. 
Effects similar to those heretofore produced 
by relatively slow and cumbersome molding 
operations can be quickly and conveniently 
achieved continuously by the present 
method. The present method does not re- 
quire the use of fabric to produce the de- 
sirable pile-like effect. 

Because no previously prepared vinyl base 
sheet is used, the invention is particularly 
economical and convenient since it requires 
no large capital investment in conventional 
vinyl sheet-making equipment, such as 
calenders or plastisol-casting devices; an 
operator having no such equipment can 
readily practice the preferred form of the 



present invention without going toThe ex- 60 
pense of purchasing previously prepared 
vinyl sheet. In the preferred form of the in- 
vention cheap and readily available 
powdered resin is easily and quickly con- 
verted into a flexible sheet by the sintering 55 
method described. In fact, ground up scrap 
thermoplastic resin may he used in the in- 
vention, as indicated. 

WHAT WE CLAIM IS.— 

1. A method of making a plastic sheet 60 
comprising preparing a dry blend of 
thermoplastic resin particles and liquid 
plasticizer, spreading said dry blend into a 
thin layer, sintering said layer by heating it 
while supported on a non-adherent baddng 66 
to a temperature at which the partides be- 
come soft enough to adhere together but are 
not fused into a homogaieous Sieet, and em- 
bossing a surface of saM layer with an em- 
bossing roll at a tmperature below the 70 
softening range of the resm. 

2. A method as claimed in aakn 1 
wherein a blowing agent is mixed with the 
thermoplastic resm. before it is formed 
mto the layer, the sintering temperature ex- 75 
ceeding the decomposition temperature of 
the blowing agent. 

3. A method as clauned in Claims 1 or 2 
m which the thermoplastic rean is a vinyl 
resin. 80 

4. A method as claimed in Claim 1 in 
which the particulate layer is formed by 
mixing a plurality of batches of particulate 
elastic material, each of the batches being 

of a different color to the remainder, so as 86 
to form a multi-coloured sheet 

5. A method of making a sheet of plastic 
material according to Claim 1 substantially 
as herem described with reference to the 
drawings. 90 

6. A plastic sheet when made by a 
method as claimed in any one of the pre- 
ceding clauns. 

P. A. CLEYTON, 
Agent for the Applicants. 
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